Three strains, FXJ8.095 T , FXJ8.057 and H201, were isolated from deep-sea hydrothermal plume water collected at the Southwest Indian Ridge at a depth of 2800 m. Phylogenetic analysis based on 16S rRNA gene sequences showed that the isolates formed a closely related subcluster within the genus Kocuria. Deep-sea hydrothermal vent plumes occur at mid-ocean ridges and back-arc basins throughout the world's oceans, where seafloor vents inject hydrothermal fluids that rapidly mix with cold background seawater and disperse vertically and laterally from the vent field [1, 2] . Hydrothermal plumes influence the broader oceans because biogeochemical processes in plumes control the availability and fate of trace metals and essential micronutrients [1, 3] , and primary production in plumes may serve as a significant source of carbon to the deep oceans [4].
The genus Kocuria was first proposed by Stackebrandt et al. [5] on the basis of detailed phylogenetic and chemotaxonomic analyses of the genus Micrococcus. At the time of writing, the genus Kocuria comprises 22 species with validly published names, which were isolated from various environmental sources such as a saline and alkaline desert (Kocuria aegyptia) [6] , the rhizoplane of narrow leaved cattail (Kocuria palustris and Kocuria rhizophila) [7] and seafood (Kocuria atrinae and Kocuria koreensis) [8, 9] . However, there is no record on the description of Kocuria species isolated from deep-sea water, although some members were isolated from marine sediments (Kocuria indica, Kocuria marina and 'Kocuria sediminis') [10] [11] [12] . During a survey of actinobacterial diversity in the deep sea along the Southwest Indian Ridge [13] , many coccoid actinobacterial strains were isolated. The aim of this study was to classify three of the strains isolated from a hydrothermal plume using a polyphasic taxonomic approach that included phylogenetic analysis, phenotypic characterization, chemotaxonomic analyses and DNA-DNA hybridization.
The hydrothermal plume sample was collected from the first discovered active hydrothermal field on the Southwest Indian Ridge (49 39¢ E 37 47¢ S) [14] at a depth of 2800 m, during Chinese DY115-21 cruise of research vessel DaYangYiHao in January 2010. The water sample was concentrated in situ and filtered with a 0.1 µm filter membrane [13] , which was then smashed with a Tissue Tearor (Model: 985370-395; Biospec Products) in 0.2 M PBS (pH 7.5). The smashed sample was diluted and spread-plated on ISP 2 [15] and SMPS (0.1 g peptone, 0.5 g mannitol, 3 g sea salt, 1000 ml distilled water, pH 7.5) agar, supplemented with nalidixic acid, cycloheximide and nystatin (each at 25 µg ml
À1
). After 30 days of incubation at 16 C, strains FXJ8.095 T and FXJ8.057 were obtained from two ISP 2 plates and strain H201 from an SMPS agar plate. All isolates were transferred and subsequently purified on ISP 2 plates.
The morphological and general physiological characteristics of the isolated strains and reference strains were investigated on ISP 2 plates incubated at 28 C for 3 days. The Gram reaction was performed using the non-staining method described by Buck [16] . Morphological observations were carried out by light microscopy (Zeiss Axioscop) and field scanning electron microscopy (Hitachi, SU 8010). Growth was investigated on ISP 2 plates for up to 14 days at 2, 4, 10, 15, 20, 25, 30, 37, 40 and 45 C, in the presence of 0-10 % (w/v) NaCl (at intervals of 0.5 %) and at pH 4-11 (in increments of 1 pH unit). KH 2 PO 4 /HCl, KH 2 PO 4 /K 2 HPO 4 and K 2 HPO 4 /NaOH buffer systems were used to maintain the pH values of the medium. Utilization of various sole carbon sources was tested using Pridham-Gottlieb agar medium [17] , supplemented with a corresponding carbon source at a final concentration of approximately 1 %. Motility, nitrate reduction, methyl red and Voges-Proskauer reactions, hydrolysis of casein, gelatin, starch, Tweens 20, 40 and 80 and urea, and production of H 2 S and indole were examined by the method of Gerhardt et al. [18] . Hydrolysis of adenine, guanine, hypoxanthine and xanthine was determined as previously described [19, 20] . Milk (dehydrated skimmed milk) peptonization was tested at 28 C for 30 days.
For fatty acid analysis, all strains were cultivated in tripticase soy broth (TSB) medium to the late exponential phase. Biomass was harvested and washed three times with distilled water. Fatty acids were extracted, methylated and tested using the standard MIDI (Microbial Identification, Sherlock version 6.0) procedure [21] with a gas chromatograph (Agilent GC 6890). The peaks were identified using the database TSBA 6, version 6.0. Purified cell-wall hydrolysates were prepared as described by Schleifer and Kandler [22] . For the following experiments, biomass was harvested from a 3-day culture in ISP 2 medium and washed three times with distilled water. The amino acids of cell walls were examined according to the method of Schleifer [23] using a high-speed amino acid analyser (model: L-8900; Hitachi). The isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by TLC on Gel 60 F 254 plates (10Â20 cm, 0.5 mm thickness) using n-hexane/ diethyl ether (85 : 15, v/v) as the solvent. The identities of the quinones were analysed by HPLC with a Cosmosil 5 C 18 column (4.6Â250 mm; Thermo) [24] . Polar lipids were extracted and identified by two-dimensional TLC (silica gel 60, 10Â10 cm; Merck) as described by Minnikin et al. [24] . The first direction was developed in trichloromethane/ methyl alcohol/water (65 : 25 : 4, by vol., chromatographic grade) and the second in trichloromethane/glacial acetic acid/methyl alcohol/water (80:18 : 12 : 5, by vol., chromatographic grade). Different TLC plates were sprayed with Dittmer-Lester reagent, a-naphthol reagent, ninhydrin and molybdatophosphoric acid for staining phospholipids, glycolipids, aminolipids and all lipid spots, respectively [25] .
Genomic DNA from the isolates was extracted using an AxyPrep bacterial genomic DNA extraction kit (Axygen) and used as the templates for amplification of the 16S rRNA genes by PCR with the primers 27F and 1492R, as described previously [26] . The PCR products were purified and cloned into the vector pMD 18-T (Takara). The resulting plasmid was transferred to Escherichia coli and sequenced using an Applied Biosystems DNA sequencer (model 3730XL) with the software provided by the manufacturer. Almost fulllength 16S rRNA gene sequences were obtained and aligned with those of related taxa retrieved from the GenBank database. Phylogenetic trees were reconstructed using the neighbour-joining, maximum-parsimony and maximumlikelihood tree-making algorithms implemented in the MEGA software version 6.0 [27] . Evolutionary distance matrices were calculated using the Kimura two-parameter model. The tree topologies were evaluated by bootstrap analyses [28] following 1000 resamplings. 16S rRNA gene sequence similarities between each pair of strains were calculated on the basis of pairwise alignment using the EzTaxon-e server [29] .
The genomic DNA G+C content was determined using the HPLC method [30] . The modified fluorescence microplate method of Rong and Huang [31] was used to determine DNA-DNA relatedness values. Reciprocal hybridization (i.e. AÂB and BÂA) was performed in triplicate for each pair of strains. The hybridization value was expressed as a mean of the corresponding reciprocal values.
Random amplified polymorphic DNA (RAPD) analysis was performed as described previously [32, 33] with the following three arbitrary oligonucleotide primers: M13 (5¢-GAGGGTGGCGGTTCT-3¢), H12 (5¢-ACGCGCATGT-3¢) and OPA3 (5¢-AGTCAGCCAC-3¢). The arbitrarily primed PCR analysis was performed in duplicate. PCR products were separated on a 1.5 % agarose gel and stained with ethidium bromide.
Almost-complete 16S rRNA gene sequences (approximately 1450 bp) were determined for strains FXJ8.095 T , FXJ8.057 and H201. The strains showed 99.60-99.90 % sequence similarity to one another. Sequence comparisons with those in the public databases indicated that the strains were most closely related to species of the genus Kocuria. Subsequent phylogenetic analysis based on 16S rRNA gene sequences showed that the strains formed a distinct subcluster loosely related to the recognized Kocuria species (Fig. 1) . Results of pairwise 16S rRNA gene sequence comparisons using the EzTaxon-e server [29] showed that the 16S rRNA gene of strain FXJ8.095 T had 98.81, 98.75, 98.68 and 98.10 % similarity to those of the proposed type strain of 'K. sediminis' and the type strains of Kocuria flava, Kocuria turfanensis and Kocuria rosea, respectively, and <98 % similarity to those of the other recognized species of the genus. for assigning strains to the same species. RAPD fingerprint patterns further supported the genetic differences between the isolated strains and the reference strains. The results also showed that the isolates are not clonal strains as the PCR products generated using the H12 primer possessed clear variations among the three strains (Fig. S1 , available in the online Supplementary Material).
Colonies of the new isolates were circular (0.5-1.5 mm in diameter), convex, smooth and pinkish orange-pigmented C. Cells were Gram-stain-positive, non-spore-forming, irregular spherical-shaped and non-motile (Fig. 2) . Strains FXJ8.095
T and H201 were able to grow at 4-37 C, and strain FXJ8.057 grew at 4-40 C. All three strains grew at pH 6-10 and with 0-7 % (w/v) NaCl. Optimal growth occurred at [25] [26] [27] [28] C, at pH 7-8 and with 3 % (w/v) NaCl. Physiological and biochemical properties that differentiate the isolates from recognized type strains are shown in Table 1 . The isolates were different from the related type strains K. flava HO-9041 T , K.
turfanensis HO-9042 T and K. rosea JCM 11614 T by the abilities to hydrolyse Tweens 40 and 80, to grow with >7 % (w/v) NaCl and (except strain H201) to hydrolyse gelatin and starch. The isolates were different from 'K. sediminis' JCM 17929 by the abilities to utilize maltose, mannose and L-rhamnose, to grow at pH 10 and to hydrolyse Tween 20.
The predominant menaquinones of strains FXJ8.095 T , FXJ8.057 and H201 were MK-7(H 2 ) (60.8, 63.2 and 60.5 %, respectively) and MK-8(H 2 ) (34.6, 32.9 and 34.8 %, respectively), and the minor menaquinone was MK-9(H 2 ) (4.6, 4.0 All data are from this study. +, Positive; À, negative. All strains were positive for utilization of L-arabinose, cellobiose, D-fructose, glucose, a-lactose, mannitol, raffinose and D-xylose, and for production of catalase. All strains were negative for utilization of erythritol, ribose and synanthrin, production of H 2 S and indole, hydrolysis of casein, adenine, guanine, hypoxanthine and xanthine, and for oxidase activity and Voges-Proskauer test. 
Hydrolysis of:
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NaCl tolerance (%, w/v) 0 and 4.7 %, respectively). These menaquinone profiles were typical of the members of the genus Kocuria described to date, while the proportion of each menaquinone was slightly different between the isolated strains and the related species (Fig. S2) . The major fatty acids (>10 %) of strains FXJ8.095 T , FXJ8.057 and H201 were anteiso-C 15 : 0 (65.0, 66.5 and 64.2 %, respectively) and iso-C 15 : 0 (18.1, 17.0 and 18.8 %, respectively). Quantitative differences in cellular fatty acids between the strains and closely related species are given in Table 2 . iso-C 14 : 0 3-OH and C 18 : 1 2-OH were detectable only in the new isolates, although in a small proportion (<1 %). The main polar lipids of the three strains were diphosphatidylglycerol and phosphatidylglycerol. Minor amounts of three unidentified glycolipids and an unidentified polar lipid were also detected (Fig. S3) . The detectable diamino acid in cell-wall hydrolysates was lysine.
In summary, genotypic and phenotypic characteristics indicate that strains FXJ8.095 T , FXJ8.057 and H201 are members of the genus Kocuria. These isolates are members of a single species on the basis of the high similarities of 16S rRNA gene sequences and DNA-DNA relatedness values above 70 %. However, the isolates can be distinguished from the related Kocuria species in terms of DNA-DNA relatedness, RAPD fingerprints, a number of physiological and biochemical properties, and fatty acid composition. These results indicate that the isolates belong to a novel species of the genus Kocuria, for which the name Kocuria oceani sp. nov. is proposed.
DESCRIPTION OF KOCURIA OCEANI SP. NOV.
Kocuria oceani (o.ce.a¢ni. L. gen. n. oceani of the ocean).
Cells are Gram-stain-positive, aerobic, non-spore-forming, coccoid and non-motile. Colonies on ISP 2 are circular, convex, smooth and pinkish orange after 3 days of incubation at 28
C. The growth temperature range is 4-40 C, with an optimum at [25] [26] [27] [28] C. Growth occurs at pH 6-10 with an optimum at pH 7-8, and in the presence of 0-7 % (w/v) NaCl with an optimum of 3 % (w/v). Utilizes L-arabinose, cellobiose, D-fructose, D-galactose, glucose, a-lactose, maltose, mannitol, mannose, raffinose, L-rhamnose, sucrose and D-xylose as sole carbon sources, but not erythritol, ribose or synanthrin. Positive for catalase, but negative for oxidase, indole production, and hydrolysis of Tweens 20, 40 and 80, adenine, casein, guanine, hypoxanthine and xanthine. H 2 S is not produced. Methyl red and Voges-Proskauer tests are negative. Some characteristics are variable. For these characteristics, the type strain is positive for hydrolysis of starch, nitrate reduction, gelatin liquefaction and milk peptonization, but negative for hydrolysis of urea. The diagnostic diamino acid in cell-wall hydrolysates is lysine. The major menaquinones are MK-7(H 2 ) and MK-8(H 2 ), with a minor amount of MK-9(H 2 ). The polar lipids are diphosphatidylglycerol, phosphatidylglycerol, three unidentified glycolipids and an unidentified polar lipid. The major fatty acids are anteiso-C 15 : 0 and iso-C 15 : 0 . The G+C content of the DNA is 70.4-75.6 mol%. and JCM (Japan Collection of Micro-organisms) for providing type strains, and CGMCC and DSMZ (German Collection of Micro-organisms and Cell Cultures) for culture preservation.
